Atomic parity violation measurements in the highly forbidden 681/2 -7S1/2 caesium transition.
III. Data acquisition and processing. Results Abstract. -This paper completes the detailed presentation of our PV experiment on the 6S1/2 -7S1/2 transition in Cs. A detailed description of the data acquisition and processing is given. The results of two independent measurements made on 0394F = 0 and 0394F =1 hfs components agree, providing an important crosscheck. After a complete reanalysis of systematics and calibration, the precision is slightly improved, leading to the weighted average Im Epv1/03B2 = -1.52 ± 0.18 mV/cm. Later results from an independent group agree quite well. With the semi-empirical value 03B2 = (26.8 ± 0.8) a30, our result yields Epv1 = (-0.79 ± 0.10) x [10] [11] i |e|a0. Coupled with the atomic calculations, this implies that the weak nuclear charge of Cs is Qw = -68 ± 9.
This value agrees with the standard electroweak theory and leads to a weak interaction angle sin2 03B8W = 0.21 ± 0.04. The complementarity of these measurements with high energy experiments is illustrated.
J. Physique 47 (1986) Introduction.
This paper is the third and last part of a detailed presentation of the measurements of parity violation (PV) in the Cs 6S-7S transition performed at ENS in Paris. Part I [1] presented the theoretical analysis and the experimental procedure and apparatus. Part II [2] presented the analysis and control of systematic effects. The present part III describes data acquisition and processing, and analyzes the results and their implications. The ( § 4 and 5). In the first section, § 4.1 attempts at a complete description of the data acquisition sequences and of the detection chain. The experimental complexity was unavoidable in order to satisfy two requirements : (1) control in real-time of all systematic effects, whose relevance was demonstrated in part II: (2) collection of maximum information, with both redundancy and cross-checks, as protection against possible omitted systematics. The data processing as performed just after the runs is described in § 4.2. This analysis produced no significant change in the results. In particular no significant correction for systematics had to be applied. Statistical tests and various internal consistency checks are described. The results of our two independent measurements, on the two different hyperfine components AF = 0 [3] (Exp 1) and AF = 1 [4] (Exp 2), are discussed and compared. The detailed reanalysis of the systematics performed in part II, together with a more thorough examination of the calibration procedure after the results were first published [5] , allows us to slightly improve the precision initially quoted. Finally, we outline the main experimental tests performed in auxiliary experiments in connection with the PV experiment. These tests provide increased confidence in the results and in the quoted uncertainty. When combined, Exp 1 and Exp 2 yield a final result wherein the statistical uncertainty (11 %) dominates the systematic uncertainty (5 %) .
The self-contained second section ( § 5) (2) We have checked that the numbers of ( + -) and ( -+ ) reversals have been nearly equal, as expected. Fig. 19a) (ii) A « phase uncertainty » in the two-phase lock-in amplifiers results in imperfect discrimination between the two residual P 1 &#x3E; -components (quantities Pr s i and Pr(l) detected in phase quadrature to one another). In practice P,(') -(5 -10 x P (1) & # x 3 E ; so only P (1) was affected ; in the uncertainty P (') x 0, the phase error 0 observed from time to time during the runs was less than 0.1 rad. Combining this uncertainty to the average value of the birefringence parameter wl, from equation (3.13) in part II we estimate the systematic uncer- In the standard model the dependence of Cp(') and C,,(') on the nucleon structure can be accounted for using the empirical ratio ( A = 1.25) of vector to axial coupling in neutron ¡3-decay. The results at the lowest order are :
For more physical insight it is worth considering Kq and JC2 in the non-relativistic limit (9) where they become effective parity-violating potentials, respectively :
Here 1i0'12 and p are the electron spin and momentum ; I is the nuclear spin. Both V (') and V p 2) describe contact interactions and involve the electron velocity plme at the nucleus.
In potential V ( 1 ) the boson Z° couples to the nucleons like a heavy photon. The parameter Qw, called the nuclear weak charge, plays the same role as the nuclear electric charge in the electromagnetic interaction. In particular the weak charges of the nucleus constituents add like charges so that (from the additivity of the C (')s; Eq. (5.1)).
In contrast, in potential V (2) sin2 Ow (M,,2,) = sin2 9W/1.006; see [10] . 5) ). Yet, without reference to the electroweak theory, expression (5.14) represents the most general description of dp", provided the PV interaction preserves time-reversal invariance. For this reason it is worthwhile to also consider a purely phenomenological discussion of the experimental results starting from (5.14) without any assumptions concerning the value of q ( § 5.6). (Table XXI) . They incorporate many-body effects either semi-empirically [13] or from first principes [15, 16] (11). Taking their average we obtain the prediction :
(11) We do not include the unpublished result of reference [17] with which other authors have subsequently disagreed [16, 18] . (b) Reference [6] .
where the error bar represents the fairly small rms dispersion (12) . In the standard model (using Eq. [19] . In a cartesian plane where the coupling constant Àq is plotted versus MU (Fig. 23) [25] . Because all photons are emitted in the direction and at the frequency of the probe, high efficiency is expected. Different experimental approaches are currently being investigated by the Zurich [26] and Boulder [6] groups. Results from independent groups will again provide valuable cross-checks.
One can thus expect that parity violation measurements in Cs will continue to provide novel information of fundamental importance. 
